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NATTONAL: ADVISORY COMMITTEE FOR AFRONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION OF EFFECT OF SPAN AND SPANWISE
LOCATTON OF PLAIN AND STEPPED SPOILER ATLERONS ON
LATERAL CONTROL CHARACTERISTICS OF A WING WITH
LEADING EDGE SWEPT BACK 51.3°

By Jack Flschel and Alexander D. Hemmond"
SUMMARY

‘A wind—tunnel investligation was made at low speed to determine the
laterel control charascterlstics of a 51.30 gweptback—wing model equipped
with elther plaln or stepped spoller allerons having a fixed projection
of 5—percent—wing chord -and varlous spans and spanwise locations. The
spoiler-aileron conflgurations were tested on the wing alone, on the
wing with & simulated fuselage, on the wing with a simaulated fuselage
and either a O.kBT—span outboard drooped nose, a 0.487—span inboard
aplit flap, or a combinatlion of the two devices.

The results of the investigatlon indicated that spanwlse rolling-—
effectivenegs charts of flap-type allerons can not be used Lo predict
the effectlveness of spoller—type allerons on swept wings. The
effectiveness of the spoiler allerons generally Increased with increase
in aileron span end when the spanwlse location of a constant—span
aileron was moved inboeaxrd; however, the optimum alleron spenwlse location
wag found to depend on both the spoller—aileron confilguration and the
wing configuration, Plain spoller allerons were found to produce the
greatest rolling effectiveness at low angles of attack and stepped
gpoiler ailerons produced the grestest rolling effectiveness at high
angies of atteack.

In genersal, the yawlng-moment coefflclents produced by various
gpoiler ailerons were found to be favoreble over most of the angle—of—
attack range and were increeased when the spanwlise location of & constant—
span plaln or stepped spoller aileron was moved from inboard to outboard
or when the alleron span was Iincreased.
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A comperison of the laterel control charascteristics of 0.6—semispan
inboard spoller allerons having 0.05—chord projections and two 0.l67—chord
conventional flap-type allerons having total deflecticns of 15° indicated
that the spoller—alleron characteristics were equal to or more favorable
than those of the flap-type salleronz — partlicularly at high values of
1ift coefficilent. )

INTRODUCTION

The necesslity of providing adequate lateral control on high—speed
aircraft having sweptback wings has pressnted a problem to alrplane
designers, since conventlonal-type allerons tend to lose effectlveness
at high subsonic and transonic speeds. In order to provide solutlons
to thls problem, the Natlonal Advisory Committee for Aeronautica 1s
currently investigeting the applicability of various other types of
lateral—control devices to wings having sultable plan forms for
transonic and supersonic speeds, Among the more promising types of
lateral-—control devices currently being investigated are spoller—type
ailerons, Previous spoller—<type—alleron investigatlions made on unswept
and swept wings (references 1 to 8) indicate some of the beneficial
effects that are obtained with spoller—type allerons, such as: Increase
in rolling moment with increase in Mach number; increase in rolling
effectlveness with increase 1in lift—Flap deflection; genorally
.favoreble yawing moments; practicable use of full-span flaps with
spoiler—type allerons; and smeller wing-twistling moments than flap-=type
allerons and hence higher reversal speeds with spoiler silerons (refeor—
ence 9). In addition, spoiler allerons provide low atick forces; end,
in the investigation of reference 5, 1t was noted that no appreclable
effects on the hinge—moment characteristlcs were observed with changes
in Mach number for the spoller—type elleron as contrasted to the lncreases
in hinge-moment coefficient shown-or anticipated for the conventionsal
gealed plalin alleron.

The effects of gpan and spanwlse locatlon of gpoller ailerons on
the characteristics ofan unswept wing have been reported previously 1in
reference 1; however, these effects have not been thoroughly investlgated
on & swept wing. Accordlngly, the present Investigation was undertaken
to determlne the effect on the lateral confrol characteristics of varylng
the span and spanwise location of plain and stepped spoiler allerons on
a highly swept wing. The present investigatlon was made at low speed in
the Langley 300 MPH 7— by 1l0—foot tunnel. The characterlstics 1n pltch
of a 51.30 sweptback-wing model were investlgated for several model
conflgurations in conjunction with various spans and spanwlse locetions
of both plain and stepped spoiler allerons having a projection of
5 percent of the local wing chord. The aforementioned model conflgu—
ratlons are: the plailn wing; the wing with a simulated fuselage; and
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the wing with a simulsted fuselage and either en outbosrd 0.487—span
drooped nose deflected-30°, an inmboard O.487-span, 0.26-chord split

flap deflected 40°, or a combination of the two devices. In addition,
the effect of simulated actuating arms located at two dlfferent
positions with respect to the spoller alleron on the rolling-moment and
yawing-moment characteristice of a 0.60—semispan stepped spoller alleron
wag determined. :

SYMBOLS AND CORRECTIONS

The forces and moments measured on the wing are presented sboub
the wind axes. The X—exls 1s in the plane of symmetry of the model and -
is parallel to the tunnel eir flow. The Z—axls l1s In the plane of
symmetry of the model and is perpendiculer to the X—exls. The Y—exis is
perpendiculer to both the X—exlsg and Z—exis. All three exes lntersect
at a point 1.586 feet rearward of the leading edge of the wing root on
the line of intersection of the plane of symmetry and the chord plane
of the model, %s shown in figure 1. Thls position corresponds to
30 percent of the mean aerodynamlc chord. ’

oy, 1ift coefficient (Lift/qS)
CItmax meximum 1ift cocefflcient .
Cy (irag coefficient (D/qS). |

..Cm. ._- ‘pltching-moment coefficlent (Myqsa)
o, rol1ing-moment cosfficient (L/asSb)
C, yawing-moment coefficilent (N/qSb)

drag of model, pounds

.'M pitcliing moment of model. about Y—axis, Toot—pounds

rolling moment due to spoller—alleron pré:)ection about X—axis,
foot—pounds

N yewing moment. due to spoller—elleron projection about Z—axils,
foot—pounds
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. . dynemic presgure, pounds per sgquere foot-(% dV%
S wing area (5.73 sq ft)

b span of model (L4.22 £t)

by span of spoiler alleron, feet

A aspect ratio of the wing, 3.11 (b2/S)

ol

_ b/2
wing mean serodynemic chord (M.A.C.), 1.L424 feet <§ c%i;,)

0

c local wing chord measured along lines parallel to X—exils
at o = 0°, feet

y o lateral distance from plene of symetry along Y-exis, feet

¥y lateral digtance from plane of symmetry along Y—axis to inboard
end of alleron, feet -

Yo laterel dlstance from plene of symmetr& elong Y—axls to outboard
end of alleron, feet—

v free—atream velocity, feet per second

p : - mags density of air, slugs per cublc foot

o angle of attack of wing with respect to chord plane of model,
degrees

5at ~ total alleron deflection, resulting from equal up— and down—
alleron deflections on both wing semlspans, measured 1n a

plane perpendicular to alleron hinge axls, degrees

The rolling—moment and yawlng-moment coeffibients represent the
‘aerodynamic effects that occur on the complete wing as & result of the
projection of a gpoller alleron ¢n the right semispan wing.

Jet;boundary corrections have been applied to the angle of ettack

and drag data according to the methods of reference 10. Blockage
corrections have been applied to the data by the methods of reference 11l.

.
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No corrections have been applied to the data to account for model
support strut tares or for the small amount of wing twlst produced by
the projJectlon of the spoiler allerons.

APPARATUS AND MODEL

The swepbback—=wing model was mounted horlzontelly in the Langley‘
300 MPEH 7— by 10—foot tunnel on two struts which, in turn, were mounted
on & six—component balance system In such a manner that all the forces
end moments acting on the model could be measured (fig. 2).

The laminated mahogeny model was constructed accordlng to the plan—

form dimensions shown in figure 1. The model was swept bsck 51.3° at

the leading edge, had an espect ratio of 3.11 and a taper ratio of 0.50,
and had nelther twlst nor dihedral. The wing sections parallel to the
plane of symmetry were NACA 65,-012.

The wing model was equlpped with a drooped. nose which hed a span
of 0.487p extending from 0.11-38]2l to 0.9252- on each wing panel. Detaills
of the 0.26c split flap are shown in figure 1. The split flap extended
from the fuselage outward on each wing panel and hed a semispa.n of 0O, ll-8"(—

A simuleted fuselaege, used during most of the investigation to
prevent any disturbed flow over the right wing from affecting the flow
over the left wilng when the spoller aillerons were proJected, was made

of %—inc'h plywbod according to the dimensions shown in figure 1 and
had rounded edges.

One of the two configuretions of spoiler ailerons investigated
consisted of spoiler segments, each having a spen of Q.lO]E) and a

projection of 5 percent of the locel wing chord, attached to the upper
surface of the right wing In a stepped fashlon with the span of each
segment normel to the plane of symmetry (figs. 2(a) and 3). The mid—
point of each spoiler segment was on the 0.70c line of the wing, and the
span and spanwise location of the spoller ailerons were varied during
the investigation. Thils spoller configuration wlll be referred to hereln
as the stepped spoller alleron. The other configuration consisted of e
series of continuous—span spoller allerons, each having verlous spans
and spanwise locatlons, attached to the upper surface of the right wing
along the 0.70c line (figs. 2(b) and L4). This spoller aileron, herein
called the plaln spoiler aileron, had a projection of 0.05e¢. Both the
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stepped and plaln spoiler ailerons were prefabricated of aluminum angle
and were mounted In such a menner that the front face of the allerons
was normal to the wing surface.

The slimulated actueting arms tested In conjunction with a
0.60123 stepped spoller alleron are shown 1in figure 5. The arma were

congtructed of thin solld triangilar—shaped pleces of aluminum, each of
which had & chord of 0,10c and & maximum helght of 0.05c, ZEach actuating
arm was mounted normal to the wing surface on the outboard end of each
gpoller—aileron segment as shown in flgure 5.

TESTS

All the tests of thls Investigation were performed in the Langley
300 MPH 7— by 10—foot tunnel at a dynemic pressure of 25.2 pounds per
square foot, with a corresponding Mach number of 0.13 and a Reynolds

number of 1.3 X lO6 s baged on a wing mean aerod.ynam:l.c chord of
1.42k feet.

Tests were conducted through an angle—of—attack range from -6° to
the wing stall for the following model configuratlions: +the plain wing;
wing with the simlated flgelage; and the wing with the sim:lﬂ.ated.
fuselage and either the outboard drooped nose deflected 30° s the
inboard split flap deflected 4O°, or a combination of the two devices.
Varlous gpans and spanwlge locationg of both plain and stepped spoller
ailerons were then investigated with each of these model configurations
through the seme angle—of-ettack range. In edditlon, tests were made
on. the wing with the simulated fuselage using the simuleated actuating
arms at the two positions shown in figure 5 in conjunctlon with

a 0.60% gtepped spoiler alleron locsted from 0.20% to 0.80:'29-.

RESULTS AND DISCUSSION
Wing Aerodymamic Characteristics — Spoller Ailerons Retracted
The 1ift, drag, end pitchling-moment cheracterlstics of the wing—
model configurations without the spoiler aillerons are shown in figure 6.
The data presented in figure 6 show that the coanfigurations

consisgting of the plaln wing and the wing with a similated fuselage had
approximately the same 1lift characteristics. Although deflection of the
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split flap increased the 1lift coefficlent over most of the a range,
it had 1little effect on Cg « Deflectlon of the drooped nose tended

to delay the wing stall to higher values of o, and thus, when the
drooped nose wag deflected in conjunction with the split flap on the
wing with a simulsted fuselage, almost a constant increment of CL wag

obtained over the entire angle—ocf—attack range.

The drag data show that at low values of 1lift coefficlent the drag
coefficient was larger for the wlng with the high—lift and staell—control
devices than for the plaln wing, whereaz at high values of C; the drag

coefflcient for the plain wing was laerger. In additlon, the drooped
nose was particularly effectlve 1n reducing the drag coefficlient at high
values of 1lift coefficient.

The pitching—moment data presented in figure 6 show that at low
values of (g, the asrodynamic center 1is generally sllghtly ahead of

the 0.30c for &ll configurations, and that deflection of either the
split flap or the drooped nose produced more negetive pltching moments
than those of the plain wing but 4id not elimlnate the.unstable stalling
characterlstics of the wilng.

Wing'Aerod.ynamic Characterlstics — Spoilér Allerong ProJected

The characteristlcs of the wing equipped with the plain and stepped
spoller—alleron configurations used in this investigetion (figs. 3 to 5)
are presented in flgures T to 27.

In order toc provide some Information on the charscteristics of
gpoller<type allerons when used as speed brakeg or glide—path controls
on swept wings (as, for example, wag provided for unswept wings (r?fer—
ence 12)) the effects of the variaus spoiler—aileron configurations on the
the wing 11ft, drag, and pltching-moment characteristics are shown in
figures 7 to 26. The incremental effects of the various spoiler—
aileron configurations on the 1lift, drag, and pitching-moment dasta of
figures T to 26 are those produced by spoller aillerons projected on one
semispan of a complete wing; however, when used as speed brakes or glide—
peth controls,-spoller ailerons would be projected similtaneously on both
semispans of a complete wing, thereby producing twice the incremental
offects shown on the figures herelin. In general, projectlion of either
the plain or stepped spoiler ailerons on any of the wing configurations
tegted decreased the 1lift coefficlent at glven angles of attack and
increased. the coefficlent of drag. Increasing the span or moving the
spanwige locatlion of elther a plain or stepped spoiler alleron having a -
constant gpen from outboard to inboard produced successively larger
decreases In I1ft coefflclient and increases in Cp. No appreciable

-t - - e
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change in pitching moment. was produced by the projection of any of the
plain or gtepped spoller allerons on any of the wing configurations
tesgted. : . .

Spoiler ailerons on the plaein wing and on the wing with s simmlated
fugelage.— The effects of span and spanwise location of both plain and
stepped spoller allerons on the lateral control characteristics of the
51.3° sweptback wing alone and with & simulated fuselage esre shown in
figures T to 9 end figures 10 to 17, respectively. A comparison of
these data shows that the simulated fuselage had little or no effect on
the rolling-moment and yewing-moment charecterlstics of the wing model,
therefore the discussion of these characteristics for the two model
configurations has been combined In the present sectlon.

f

Up to an angle of attack of approximately 180, the velues of rolling—
moment coefficient produced by projection of the stepped spoller allerons
generelly increased with increase 1n angle of attack, whereas the values
of C, for the plain spoiler ailerons generally decreased with increase

in « over most of the o range. In general, at angles of attack
below 129, projection of inboard plaln spoller allerons produced larger
values of rolling-moment coefflclents then inboard stepped spoiler

ailerong, and outboard plain spoiler allerons of O.GO% and larger’

I

produced larger values of Cz than correspornding steppred spoller

allerons; however, at angles of attack of and above approximately 12°

the stepped spoller eilerons ususlly had the largest vaelues of rolling
moment. These effects are somewhat different than those reported in
reference 2, which showed that the rolling effectiveness of an outboard
stepped spoller alleron wes better than thet of an outboard plain spoller
aileron over the entire o range. In general, the rolling—moment
coefficlient was increased as the spanwisge location of a constant

0.66% plain or stepped spoller alleron was moved from ocutboard to

1nboard or as the alleron span was Ilncreased. This effect of aileron
gpan and spenwlse locetlion on the rolling moments agrees with similar
regults previously reported in references 2 and 7. Over most of the

- engle—of—ettack range, the plain spoiler aileron located from 0.0%

to 0.62 and the stepped époiler ailleron located from O.lg tD'O.7§

- produced the highest rolling moments of any 0.62 plain dnd stepped spoller
allerons, respectively, investigated.
In order to determine whether spanwlse rolling—effectiveness charts

of flap-type ailerons on swept wings'could also be used for spoller—type
controls — as was found for unswept wings in reference 1 — the data in
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figures 15, 16, and 17 were compared with the data of references 3 and 13.
This comparison shows that the span and spenwise location of spoller—type
allerons had more effect on the wing rolling moments than the gpan and
spanwlgse locatlon of flap—<type allerons, snd that the geometry of
apoller—type allerong also affects the wing rolling moments, In addition,
in references 3 and 13 it was shown thet the rolling effectiveness of =a
partial—-span flap—type aileron loceted over any portion of the wing

span could be accurately predilcted from spaenwise rolling—effectiveness
charts since the effectiveness of partial-span flap-type allerons was
additive. The data presented herein, however, show that the rolling
effectlveness of partlial-span spoller—type allerons are not additlve,
Inasmuch as inboard and outboerd spoller ailerons have spanwlse
effectiveness characteristics that cannot be cormbined into one curve

and all the results shown in flgure 17 cannot be predicted from the
charts shown in figures 15 and 16, Therefore, design charts for flap—
type ailerons, such as glven 1ln reference 13, in generel, should not be
used for spoller—type allerons on swept wings.

‘The spoller—elleron configurations tested on the wing alone and
‘the wing with a gimulated fuselage usually had favorable yawlng-moment
coefficients (having the same sign as the values of CZ) at angles of

attack below approximately 16° — the plaln spoller silerons usuaslly
produclng slightly more favoreble yawing moments than the stepped
gpoller allerons. In general, C,, becams less favorable with increase

in o, and in most instances, the yawing moments became more favorable
when the alleron span was increased or the gpanwlse locatlon of a
congstant—span gpoiler alleron was moved from inboard to outboard for
both the plain and stepped alleron conflguratlions.

Effect of gtall—control and high—i11ft devices on gpoiler-alleron—
control charaecteristics.— Because of the difficulties exhlblted by

gwept—wing airplenes In obtalning sufficient high 11ft for specific
meneuvers, high—1ift flaps and stall-control devices wlll probebly be
utillzed during lending and take—off, and the lateral control charac—
teristics of swept—wing alrplamnes in thls condltlion are important,
particularly at large angles of attack. The lateral control charac—
teristics produced by various plein and stepped spoiler allerons on the
swept—wing model with a slmulated fuselage and either a deflected
drooped nose, a deflected split flap, or a combination of drooped nose
and split flap are shown in figures 18 to 20, 21 to 23, and 24 to 26,
regpectively.

N

A comparison of the data of figures 18 to 26 with the dsta of
figures 10 to 17 shows that for the wing confliguratlions in which the
stall—control  end/or high—l1ift devices were used in conjunction with
the spoller aileron, the trends in the rolling—moment data, especially
at high angles of attack, were generally similar to those noted for the
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other conflgurations tested. In general, up to angles of attack of 14°
plain spoller sllerons were moré effective than corresponding stepped

gpoiler allerons at all spanwlse locatlons; and for ailerons of 0.6%,

the plain spoller alleron located from 0.2% to 0.8% usually gave the

highest values of C,. However, at angles of attack above 149, stepped
spoller allerons were generally more effectlve than plaln spoller
allerons; and for allerons of 0.62, the l1nboard stepped spoller ailerons

produced the highest values of Cye In the moderate angle—ofhettéck

range and at high engles of attack, the rolling moments produced by
elleron projectlion generally Increesed as a constant—span plain or
gtepped spoller alleron was moved inboard; however, at low and moderate
values of o for the drooped—mose split—Llep wing confilguratlon, an
opposite effect was noted (figs. 18 to 26). In general, deflectlion of
the drooped nosge caused a slight decrease in CI of both plaln and

stepped spoller ailerons es caompared with the velues of Cz obtalned on

the wing without high-11ft and stall-control devices; deflection of the
split flap decreased CZ of the gtepped spoller alleron, but had no

conglstent effect on Cz of the plelin spoller eileron; end deflection
of both the drooped'nqse and split flap Iincreased Cz of all outboard
gpoiler allerons at low engles of attack and Increesed C2 of all

allerons at high angles of attack. ~(Compare figs. 18 to 26 with
figs. 10 to 17.)

The yawling moments produced .on the wing with the high—l1ift and stall—
control devices were also aimilar in trend to the yawlng moments of the
other configurations tested. (Compare figs. 18 to 26 with figs. 10
to 17.) The wing conflguratlions on which the drooped nose was deflected
usually had slightly more favorable yewlng moments over a greater angle—
of—attack range than any other conflgurations tested, and these yawing
moments were perticularly more favorable at high angles of attack.
Deflection of the split flap alone had an Inconslsfent effect on the
velues of . Cpn.

Effect _of actuafing armg on charecterlstics of a s%epped spoller
alleron.— The effects of simulated actuating arms located normal to the

0.70 chord line or normel to the face of a 0.602 gtepped spoiler alleron

loceted from.O.EO% to 0.80% (fig. 5) on the lateral control character—

istlcs of the wing with simulated fuselege are shown in figure 27. The
data ghow that simulated actuating arms had no apprecleble effect on
the aileron effectlveness at high angles of attack, but thet the
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. actuating arms normel to the allerons lncreaged the aileron effectiveness

at low angles of attack. All of the configurations for which data are
gshown - in figure 27 had almost the same yawing-moment characterlstics.

Comparison of Spoiler-Type and Flap-Type Allerons

A comparison of the lateral—control charecteristics of the spoller—
type ailerons reported herein and of the 0.167c flap-type allerons of
reference 3 on a 51.3° sweptback wing is shown in figure 28. Although
the simulated fuselage and the wing aspect ratio of the present
Investigation and that reported in reference 3 differed slightly
(A = 3.11 in present investigation and 3.43 in Investigation of refer—
ence 3), the geometric dlfferences are such ag. to favor the flep—type
alleron In this comparison. A plaln spoller alleron loceated from

o.og to 0.6‘21 and a stepped spoller ailleron located from 0.1'3 to 0.7‘5J
were the optimum.O.G% plain end stepped spoller sllerons, respectlvely,

for the present investigation. The 0.512 flap—type'aileron extending

from.0.30% to'O.Bl% was the optimum partial—span aileron (of about 0.5%

or less) for the investigation-of reference 3, eand the o.ho% flap~type

alleron extending from 0.59%_to 0.99% was the more practicable aileron

(fram considerations of span asnd spanwlise location) of reference 3.

The lateral control charecteristics of these alleron configuretions are
compared in figure 28 by utillzing spoller—aileron projections of 0.05c.
and total deflections of the flap—type ailerons of 15°.°

The data in figure 28 show that the plain spoiler alleron had
approximately the seme rolling effectiveness throughout the angle—of—

attack range as the 0. 51— flap—-type alleron, but had more rolling

effectivensss than the o.ho% flap—type alleron. In addition, at low
angles of attack the stepped spoller alleron hed sbout the samse- rolling
effectiveness as that of the O. ho— flap-type aileron and slightly less

than the O. 5lb flap—type alleron; however, at high angles of attack,

proJjectlion of the stepped spoiler alleron geve values of rolling moment
congsiderably higher than elther of the flap-type ailerons or the plain
gpoiler alleron. The yawing-moment coefficients produced by either of
the spoller ailerons were more favorable than those of the flap-type
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ﬁilerons, except at very high angles of attack, for which the yawing
momenta of the stepped spoller aileron were more unfavorable than those )
of any of the other alleron confilgurations. : -

The comparison discussed in the preceding paragraph 1s based on
low—speed data and neglects any discussion of alleron hinge moments or
the effects of compressibility on any of the aileron characteristics.
However, the data of references 5, 6, and 8 show the increase in
effectiveness with increase ln Mach number up to high subsonlc speeds
obtalned with espoiler allerons as contrasted to opposite effects
obtained with flap—type allerons, and the data of reference 5 also show
the generally more beneflcial effects on spoller—aileron hinge moments
then on flap—type alleron hinge moments of increases Iin the Mach
number.

CONCLUSTIONS

A wlnd—tunnel Investlgation was made at-low speed to determine the .
lateral control charecteristics of & 51.3° sweptback-wing model equipped
with either plain or stepped spoller allerons having a fixed projection
of S5—percent—wing chord and various spans and spanwise locatiomns. The
gpoller—aileron configurations were tested on the wing alone, on the
wing with a simulated fuselage, on the wing with a slmulated fuselage
and either an 0.487 span outboard drooped nose, an 0.487 spen inboard
split flap, or a combinatlion of the two devices. The resulis of the
investigation led to the following concluslons: -

1. The rolling effectlvenese of both plain and stepped spoiler
allerons generally increased when the aileron span was increased and
when the spanwise locatlon of a constant—span spoller alleron was moved -
inboard, except at low and moderate angles 'of attack for the split—flap
drooped—noge wing configuretion, for which an opposite effect of spanwlse
location was noted. The optimum alleron spanwlise locatlon was found to
depend .on both the spoiler—aileron configuration end the wing
conflguration.

2. Spenwise rolling—effectiveness charts of flap—-type ailerons
cannot be used to predict the effectiveness of spoiler—type allerons on
swept wings.

3. A compariscn of the effectliveness of plain and stepped spoller
allerons showed that the plaln spoller allerons were generally found to
produce higher values of rollingamoment coeffilcient below angles of
attack of approximetely 12°, and gtepped spoller allerons were found to
prroduce higher values of rolling—moment coefficlent atangles of attack >
above approximately 12°.
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k. Addition of the fuselage to the plain-wing configuration had
little effect on the rolling moments produced by the various alleron
configurations. :

5. Deflection of eilther the drooped nose or the split flap
separately usually had a glight deleterious effect on the spoller—aileron
rolling effectiveness. Deflectlion of both the drooped nose and the
split flap increased the rolling effectiveness of both plain and
gstepped spoller ailerons at High angles of attack.

6. In generel, the yawing-moment coefficients produced by the
various spoller alilerons were found to be favorable over most of the
angle—of—ettack range, and were lncreased when the spanwise locatlon
of a constant—span plaln or stepped spoliler alleron was moved from
inboard to outboard or when the alleron span was increased.

7. The lateral control characteristics of O.6—semispan inboard
spoller—type &llerons having 0.05—chord projections were equal to or
more favorable than those of two 0.l67—chord conventional flap-type
ailerons having total deflectlons of 15° previously investigated —
perticulerly at high values of 1lift coefflcient.

Lengley Aeronautical Leboratory
National Advisory Committee for Aeronautics -
Lengley Alr Force Base, Va.
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Figure 1.- Sketch of the 51.3° sweptback wing model showing the details
of the simulated fuselage, drooped nose,and split flap. 8 = 5.73 square
feet; A = 3.11; taper ratio = 0.50. (All dimensions are in feet, except
as noted.)
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(a) Wing model with simulated fuselage and one of the stepped-spoiler-aileron
configurations tested.
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Figure 2.- The 51.3° sweptback wing mounted in the Lengley 300 MPH 7~ by 10-foot tunnel.
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(B) Wing model with one of the plain-spoller-alleron configurations tested.

Figure 2.- Concluded.
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‘Figure 3.- Sketch of the 51.3° sweptback wing showing a typicael stepped-
spoiler-gileron configuration tested. (A1l dimensions are in feet,
except as noted.) 5
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Figure L.- Sketch of the 51.3° sweptback wing showing a typical plain-
spoiler-aileron configuration tested. (All dimensions are in feet,
except as noted.)
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Figure 18.- Effect of spanwise location of plain spoiler ailerons on
the aerodynamic characteristics of the 51.3° sweptback wing with a

similsted fuselage. Drooped nose deflected 30°.
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Figire 24.- Effect of span and spanwise location of plain spoller ailerons
. on the aerodynsmic characteristics of the 51.3° sweptback wing with a
simulated fuselsge. Drooped nose deflected 30°; split flap deflected Lo°,
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Figure 25.~ Effect of span and spanwise location of stepped spoiler
ailerons on the aerodynsmic characteristics of the 51.3° sweptback
wing with a similated fuselage. Drooped nose deflected 30°- split
flep deflected %0°.
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Figure 27.- Effect of two types of simulated actuating axrms for stepped
gpoller allerons on the rolling-moment and yawlng-moment charscter-
igtics of the 51. 3° sweptback wing with s 51mulated fuselage.
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Figure 28.- Comparison of lateral-control characteristice of spoiler-
type and conventional flap-type alleroms on a 51.3° sweptback wing
with a simulated fuselage.
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